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A.Imtract~The analysis of the effects of (slight) changes in the parameters on the ch~racteristic roots 
of a model (sensitivity amdysis) has great potential for applications in econometrics. The author, 
after suggesting a criterion for giving empirical contents to the notion of "slight", shows how the 
application ofscmsitlvity ~n~lysls to a continuous time econometric model of the Italian eccmomy has 
given important insights into the effects of a possible complete liberalization ofcapital movemcmts. 
1. INTRODUCTION 
Sensitivity analysis is a system-theoretic te hnique, well-known in the engineering literature (see, 
for example, [1]), which has great potential for applications in econometrics. By sensitivity 
analysis, we here mean the analysis of the effects of (slight) changes in the parameters on the 
characteristic roots of the model. This can be performed in a general way by computing the partial 
derivatives of these roots with respect to the parameters. The first to point out the importance of
sensitivity analysis in econometric modelling was Clifford R. Wymer [2]; unfortunately his work 
remained unpublished until 1987 [3]. His suggestions were taken up and further developed by 
the present writer [4-6]. Sensitivity analysis in econometrics was also later and independently 
advocated by Kuh et al. [7,8]. 
This powerful technique, however, is rarely used in actual econometric practice. In the present 
paper, after a brief introduction to sensitivity analysis, we suggest a criterion for giving empirical 
contents to the notion of "slight changes" in a parameter (Section 2) and then show how the 
application of sensitivity analysis to a continuous time econometric model of the Italian economy 
(this model is outlined in Section 3) has given us important insights into the effects of a possible 
complete liberalization of capital movements (Section 4). 
2. SENSITIVITY ANALYSIS: THEORY AND A PRACTICAL CRITERION 
Econometric models are usually specified in discrete time, i.e., as systems of difference qua- 
tious. We believe, however, that such models are better specified as systems of stochastic differ- 
ential equations and estimated in continuous time. This topic can.not be dealt with here, so we 
refer the reader to the literature [4,9-11]. Sensitivity analysis can, of course, be applied to both 
discrete and continuous time models, but we shall concentrate on the latter case. 
Given an econometric model in the form of a system of nonlinear stochastic differential equa- 
tious, if we call .4 the matrix of the linear approximation to the original nonlinear system, we can 
compute ~tA~ , where pj denotes the i th characteristic root of.4 (the formulae for carrying out these 
computations are derived in [1,2,4]). It should be noted that the linear approximation may not be 
time-invariant, but it is possible to show [4] that if one considers the logarithmic deviations from 
a suitably defined reference path, which has a basic economic interpretation (the steady-state 
growth path), then one gets a nonlinear autonomous differential system. It follows that the lin- 
ear approximation yields a linear differential system which is a uniformly good approximation to
the original nonlinear differential system; hence the conditions of the Poincar~-Perron-Lyapunov 
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theorem for the validity of the study of the local stability of a nonlinear differential system by 
means of its linear approximation are satisfied. The knowledge of ~ is very important both at 
the theoretical level and for policy purposes. 
At the theoretical level, the analysis of the qualitative properties of the model (such as struc- 
tural stability, bifurcations, etc.) is greatly facilitated. A system of differential equations is 
structurally stable (or "coarse", in the terminology of [12, p. 374]) if "slight" changes in its coef- 
ficients do not change its stability properties: the availability of the partial derivatives ~ (where 
01 denotes the i th parameter) enables one to check structural stability straightforwardly, at least 
at the local level. The same partial derivatives enable one to determine possible bifurcations, 
namely the values of the parameters at which a qualitative change in the nature of equilibrium 
In fact, to a first approximation, dpj = ~ i  (~)  dOi or, if one wishes to considers occurs .  
particular critical parameter only, dpj = (~e,)dO~. Therefore, ifpj ~ 0, letting/Aj +d/~j = 0, one 
can determine the corresponding dos = -p j / (~)  (and so the neighbourhood f the bifurcation 
value of the i th parameter, 0i + dOi). In synergetics [13], it is often assumed that when certain 
critical parameters are changed and the system moves from stability to instability, only a few 
characteristic roots become positive in real part. By means of sensitivity analysis, one can find 
out whether such parameters exist (instead of simply assuming that they do) and establish which 
they are. 
As regards policy analysis, if policy functions axe present in the model, it is possible to ascertain 
the effect of a change in any one of the parameters in these functions on the dynamic properties 
of the model in a general way, without having to use numerical simulations. This could help with 
(a) the assignment of instruments to targets, if it turns out that some policy parameters 
crucially affect the stability of the model, and 
(b) the computation of the change that one or more policy parameters must undergo in order 
that certain characteristic roots, and therefore the dynamic behaviour of the model, ate 
modified in a given direction (for example, to eliminate or reduce instability or an undesired 
cyclical component). 
In general, given a model with n characteristic roots and m parameters, it would be cumbersome 
and uninteresting to present he full n × m sensitivity matrix, so that one should concentrate on 
some particularly large (in relative terms) partial derivatives, which imply that the parameter 
concerned crucially affects stability since slight changes will modify the qualitative behaviour 
of the model. But the expressions "particularly large" and "slight changes", although clear in 
theory, are by themselves devoid of empirical meaning, which is essential in econometrics. We 
suggest, therefore, a criterion to give an empirical meaning to these expressions. Let us begin 
with the notion of "slight changes." 
When we are in the presence of estimated (as opposed to numerically assumed) coefficients, 
which therefore have a (possibly asymptotic) confidence interval, we suggest o define "slight" 
those changes which lie within the confidence interval built around the parameter. The validity 
of this practical rule follows immediately from the fact that the "true" value of the parameter 
can lie anywhere in the confidence interval (with the given probability). The model, therefore, is
structurally stable (unstable) only when the bifurcation value of a parameter lies outside (inside) 
the confidence interval for this parameter. Let us now come to the value of the derivatives under 
considerations: the practical rule to apply in order to determine when a partial derivative is 
particularly large in relative terms is a corollary of the above. 
t;~ I _n~.~VZdho:  b~:~ iOnpVe~c e l~ ~ ~hheer eeo~fid~n heinpp~lp r?ft: he~:~asps~t ; enro~ 
curve at the given probability p/2 and cri is the asymptotic standard error of the parameter), we 
have structural instability when 
P---~-J < 01 -t- Zpl2 o'i, 0~ --zp/2 0i < 0i -- (i) 
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and stuetural stability when 
PJ P__L > 0i + Zpl2 El. (il) o+ - < o+ - zv /2  ¢ ,  o r  O+ - 
We now define ~ as "particularly large in relative terms" or "critical" when it gives rise 
to a bifurcation value of the ,+h parameter which lies within the confidence interval (structural 
instability). 
Inequality (i) can be written as 
and so, by taking absolute values, 
Pj --Zpl2 Ei < - -~  < Zp/2 Ei, 
[ as,  ] Is,il (iii) I > Zp/2 ¢i 
which defines the critical value of ~ .  By simple manipulations we can write (iii) in the form 
Zpl~C~i 
where [~ i [ -  I-~ei ]~  is the (absolute value of) the elasticity of the jth root with respect o the 
ith parameter. It is interesting to note that, if the parameter is significantly different from zero, 
then 10il > zp/2cri, so that [Wji[ > 1 is a necessary condition for ~ being greater than its critical 
value. 
Let us now make an example. With reference to Table 4, x we find that the 95% confidence 
interval (z~12 = 1.96) for as is (0.5907, 1.1473). By using the value of ~ given in Table 9, we 
can compute the bifurcation value of as in relation to Pl (the first real characteristic root), which 
is 1.1400: this falls within the confidence interval. The elasticity of Pl with respect to as is 3.22, 
which is greater than 3.12 the value of the r.h.s, of (iv). 
It should he noted that our criterion is not meant o be applied mechanically: for example, 
if one considers 99% or higher confidence intervals, one will include a greater number of partial 
derivatives. A reasonable suggestion is to consider also the partial derivatives, which appear 
important on economic grounds and have a nonnegligible effect (for example, they satisfy Equa- 
tion (iv) for high values of Zpl2). 
3. AN OVERVIEW OF THE MODEL 
The model--which is presented in Tables 1-10 in the Appendix, and thoroughly discussed 
in [14J----considers stock-flow behaviour in an open economy in which both price and quantity ad- 
jnstments take place. Stocks are introduced with reference to the real sector (where adjustments 
of fixed capital and inventories to their respective desired levels are present) and to the financial 
sector which includes the stock of money, the stock of commercial credit, the stock of net foreign 
assets and the stock of international reserves. Real and financial feedbacks are, therefore, largely 
considered in the model. Government expenditure and revenues (taxation) are also present, so 
that the effects of endogenous public deficits are included. 
Quantity behaviour equations are considered for the traditional macroeconomic variables in 
real ternm (private consumption, et fixed investment, imports and exports of goods and ser- 
vices, inventory changes, net domestic product). Expectations are present hrough an adaptive 
mechanism concerning expected real output, through the effects of monetary disequilibria on the 
expected omestic price level, and through exchange-rate expectations. 
A price block is included, which determines the domestic price level, the nominal wage rate, 
and the export price level. Endogenous determination of the last was considered crucial for 
I See the Appendix for all tables. 
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an export-led economy such as Italy's, while wage-price spiral effects are explicitly taken into 
account. The specifications of the financial sector was completed by the inclusion of an interest- 
rate determination equation. 
The exchange rate is endogenously determined. Since we do not privilege any one of the 
competing theories, but believe in an eclectic approach, exchange-rate d termination is related to 
all the variables of the model (including the monetary authorities' reaction function, distinguished 
according to the prevailing exchange rate regime). 
Although the model is a closely interlocked system of simultaneous differential equations, the 
following causal inks may be singled out. Their description also allows a better understanding 
of the "vision" of the economy which underlies the model itself. Let us start with the real side. 
The growth process is both export-led and expectations-led. Given foreign demand and prices, 
real imports grow according to domestic ompetitiveness and to supply constraints. Export 
growth enhances output growth which in turn modifies real expectations and, consequently, real 
capital formation. Output growth also influences real imports, aggregate public consumption, di- 
rect taxes and the level of private consumption (through the determination f disposable income) 
which feed back on output. Changes in inventories, whose desired level is linked to expected 
output, act as a buffer in output determination. 
The performance of real aggregates i  also deeply influenced by money (see below) and by 
price behaviour which depends on cost push (including exchange-rate effects) and monetary 
mechanisms a well as on expectations. Prices also enter in the determination f financial variables 
whose behaviour is closely connected with that of real variables. 
A central place in the model is occupied by money and credit. As regards t ie former, mon- 
etary disequilibria influence consumption demand, the interest rate, and price expectations. As 
regards credit, its expansion, as determined by the behaviour of banks, influences real capital 
accumulation as well as exports of goods and services. 
An important role is also played by the rate of interest, for it influences the demand for money 
(and hence real consumption), credit expansion and the accumulation fnet foreign assets. The 
rate of interest is determined by both market forces and policy interventions. 
Policy actions are represented by policy reaction functions concerning the money supply, the 
interest rate (in part) and international reserves. 
In sum, our model stresses real and financial accumulation i an advanced open economy 
in which aggregate demand and supply on the one hand and liquidity (i.e., money and credit 
availability) on the other play crucial roles together with expectations. 
An important feature of the model as a whole should be noted, that is, its nature of a dis- 
equilibrium dynamics model. Each dynamic equation, in fact, is usually specified as a partial 
adjustment equation, in which the endogenous variable concerned adjusts towards its "desired" 
or partial equilibrium level with a speed of adjustment a (additional effects can also be present). 
In continuous time, the reciprocal of the speed of adjustment ( l /a)  is the mean time lag, i .e. , -  
as already stated in Section 1--the time required for about 63% of the discrepancy between the 
actual and desired value of the variable to be eliminated (more complicated lag structures can 
be, and have been, introduced by using higher-order differential equations). We again stress that, 
when the estimation of the model is carried out, one will also obtain the estimates of the speeds 
of adjustment of the different variables independently of the length of the observation i terval 
and without imposing doubtful a priori constraints on these speeds. 
4. SENSITIVITY ANALYSIS AND CAPITAL MOBILITY 
Since--as stated in Section 2--it would be cumbersome and uninteresting to print the full 
20 × 72 sensitivity matrices, we have made a selection of the results by presenting only some par- 
ticularly large (in relative terms) partial derivatives, which imply that the parameter concerned 
crucially affects tability. This selection has been carried out by applying the criterion suggested 
in Section 2. 
We observe, preliminarily, that the model has a positive characteristic root which, however, is 
not significantly different from zero on asymptotic tests (Tables 6 and 7): we conclude that the 
hypothesis of stability cannot be rejected. 
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Let us now come to sensitivity analysis and begin with the fized exchange rate regime. The 
very large and positive partial derivative. ~e Tables 8 and 9--of the possibly positive root with 
respect o a24 (the adjustment speed of net foreign assets) shows that an increase in a24 would 
cause an increase in this root, hence instability for sufficiently high values of a~4. Now, if we 
couple a very high adjustment speed (a24 --* co) with rational expectations (our use of the 
forward exchange rate as a proxy for the expected spot rate may also be seen as representing 
rational expectations), we are in a well-known theoretical context. Efficient asset markets with 
rational expectations imply that the equilibrium state has the saddle-point property, hence at 
least one positive root. The fact that, with a24 sufficiently high, there would be only one positive 
root is related to the fact that we do not use rational expectations throughout, but also other 
types of expectations, in accordance with our eclectic approach (confirmed by the estimates). 
There is, however, more to it than that. With a24 --* co, we are in the case of perfect capital 
mobility which, as shown above, implies instability unless we can rely on rational expectations 
causing the model to "jump" on a stable path. Since we do not have generalised rational expec- 
tations (and we do not believe such an assumption to be a reasonable description of reality), we 
cannot exclude that a full liberalisation of capital movements might have a serious destabilising 
impact on the Italian economy cctcr/s paribus. We wish to stress the ceteris paribus clause, be- 
cause by (directly or indirectly) acting on other parameters it might be possible to counteract 
this destabilising effect. In fact, we note that both an increase in a5 (the adjustment speed of 
imports) and an increase in as (the adjustment speed of exports) have a stabilising effect on the 
same root. The implication seems to be that the destabilising impact of an increase in capital 
mobility can be counteracted byan increase in goods mobility: when one frees capital movements 
one must also have free trade in goods and services. 
The results concerning flezible exchange rates are not very different from those concerning 
fixed exchange rates. The same considerations made above hold as regards the effect of a24 on 
the one hand, and of a5 and as on the other; we only add that an increase in as will also increase 
the frequency of a cycle (which, however, will remain damped). 
5. CONCLUSION 
Sensitivity analysis, by examining the partial derivatives of the characteristic roots with respect 
to the parameters of a model (account being taken of the confidence intervals of the estimates), 
is an important tool for the examination of the properties of econometric models from the system 
point of view, and can give very useful economic insights. 
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APPENDIX  
Table 1. Equations ~ the model. 
Pviecffe Consumption 
where 
/ 
& "~0, 
RsSz of Growth i= Fized Capital ..q$oc/t 
Dk : =3[~log/~- ) -k]+~,4Da, 
where 
E=-pect ed Output 
Imports 
where 
Ezports 
where 
O=$p=t 
Price ol Owtplt 
where 
P~ce oJ £=~ort, 
where 
: 73 , 73 = --. 
t t  
D los MOS : as los \-M--'~'~) + ,'.6 los + aTPCC, 
MQS = .v4P/~(PMGSy . E)-#TY/J., ~ = "/sY. 
D los X GS = aa los ~ X GS ) - aoD=, 
( PXOS ~-~ ( y~- lh,  
xas  = ~ ke~, .~)  vF*,o ~ )  . 
o,osv = °,0~s ( ;)+°, ,~, (~-). 
(;) ("/ DlogP:al=log +az3Dm+~'141os  ~ , 
D~exes  = = ~  \ e-'2"~ ) ' 
O) 
(1.1) 
(2) 
(2.t) 
(3) 
(4) 
(4.1) 
(+) 
(s.s) 
(s) 
(7) 
(7.1) 
(s) 
(8.1) 
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Mone~ Wsle Rate 
wh~M'e 
Interest P~te 
D/2'IT ffi a,, Iog ( - -~)+~,s [ / !  +log (-?)- 'TI2'] ' l"a++,DlogE++,oDr' l '"+'+, Dh.  
Bank Jd+ance+ 
DlogA=c~2, log(A~ +~23Dk, 0~23 ~0, \A /  
whm-e 
Net Foreiln Assets 
A='71oe~ls i r lTM,  ~ls ~0.  
where 
D IoK N F A = '+'241og ~'~-~ ) MGS . XGS)  a=s < O. + a2~ log PMGS!  • E .  PXG"'-S 
NFA = ~11 • 'e~.[i! +Iog(FP4E) - - iTZT]  (py)/~o (PF!  • E . YF )  - /~s  . 
Mone ia~l  Awtkor i t ies '  Reaction F~mctio.  o .  Mon¢ll Stzpp/I 
Dm= a2e(m - m)  + 6sDh + 64Dr, 
where 
= m* + {6I[Dlog(PY) - (pp "+ py)] "{" 62DiT12"}, 
T~+el (') DI~T--a271Og "~ , 
wlm'e 
= ql4(PY) ~2. 
PIblic £~'~e~ditvPe 
DlogG = a, ,  log ( ' -~)+a, ,D logY ,  
Mosetary A~tborities' Reaction l~nction on l~ternational Re, erves 
6~-~o, ~<>o. 
a2.  "~ o. 
wh~t'e 
o,o++: +++, +,, _+,+,o, i+ ) 
In.es+ories 
= PXGS 
"n4PF!  ' 
= ~sPMGS!  • E .  MGS,  
0 
under fixed exchmsge rates, 
under floating exchange rates. 
DV = Y + MGS - C -  DK  - XGS - O. 
F ized Capital Stock 
Rate o] Oro~h im Money Sspply 
Public Sector's Borrowing Reqlirement 
Rate of GPo~A in l#ternltionai Rescues 
Rate o/OrouIth in Bank Ad~a.ceJ 
Rate of Oro~h in H 
Balance a] Payments 
DlogK = k. 
m = D logM.  
DH = PG - T. 
r = DlogR. 
a = DlogA. 
A = D logH.  
PXGS . XGS - PMGS!  • E . MGS + (UTa - UTp) - DNFA - DR = O. 
(9) 
(9.1) 
(1o) 
(11) 
(it.t) 
(tin) 
(12.1) 
(13) 
(13.1) 
(14) 
(14.1) 
(15) 
(le) 
(18) 
(19) 
(20) 
(21) 
(22) 
(23) 
(24) 
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Table 2. Variables of the model. 
A 
Q 
C 
E 
G 
H 
h 
iTIT 
K 
k 
M 
MGS 
NFA 
P 
PXGS 
R 
7" 
T 
V 
W 
XGS 
Y 
= nominal stock of bank advances 
= propor t iona l  rote of growth of A 
= private consumption expenditure in real terms 
= lira-dollar spot exchange rate 
= public expenditure in real terms 
= public sector borrowing requlrement 
= proportional rate of oh'rose of H 
= domestic no _~inal interest rate 
= stock of fixed capital in real terms 
-- proportional rate of change of K 
-- nominal stock of money (M2) 
= proportional rate of change of M 
---- imports of gOOdS and services in real tin'ms 
---- nominal stock of net foreign assets 
-- domestic price level 
--- export price level 
= nominal stock of inte~mational reserves 
= proportional rate of change of R 
= nominal taxes 
= stock of inventories in real terms 
= money wage rate 
= exports of goods and services in real terms 
= real net domestic product and income 
= expected real net domestic product and income 
E~ 
FR 
i! 
PF~ 
PMGS/ 
PROD 
t 
(UT. - UT~) 
YF  
Exogenous 
= official ira-doUar parity under fixed exchange rates 
= forward exchange rate 
= foreign nominal inter'eat rate 
= foreign competitors' export price level (in fm~dgn currency) 
= import price level (in foreign currency) 
= labour productivity 
---- time 
= net unilstezal transfers, in nominal terms 
ffi ~ world income 
Table 3. Steady-state growth rates. 
Variable Growth rate 
O,K,Y, MGS, XGS, Y ,V,G,T/P  
P, PXGS 
W 
M,A 
R, NFA,  H, T 
k, a I m I h, r ,  iTIT, E 
,817AI + At 
,84AI + ,85,81o,~", 
0 
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Table 4. Estimated adjustment parameters. 
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Parameter Entedng 
equatloa 
n.mhe~. 
Point Asymptotic (c) = (a)/(b) Mean Stm~da;d 
e~t,_'n~te standard time lag error of 
(*) ~.-o~ (b) (3) (q.,,rt~.) me. .  time ]as 
az (I) 1.14T 0.214 5.3T 0.872 0.162 
a2 (1) 0.114 0.041 2.77 
(~3 (2) 1.033 0.178 5.64 0.997 0.177 
a4 (2) 0.112 0.014 8.14 
a5 (4) 0.927 0.157 5.90 1.079 0.183 
a6 (4) 0.329 0.125 2.62 
a7 (4) 0.021 0.010 2,05 
as (5) 0.869 0.142 6.09 1.149 0.188 
"o (5) 0.618 0.219 2.81 
alo (6) 1.879 0.273 6.88 0.532 O.O?T 
azz (6) 0.573 0.058 9.88 
az2 (7) 0.493 0.111 4.44 2.038 0.489 
ala (T) 0.313 0.114 2,T5 
a14 (T) 0.122 0.058 2.0T 
a ls  (8) 0.340 0.113 3.02 2.941 0.9T4 
a16 (9) 0.383 0.103 3.T1 2.611 0.704 
a17 (I0) 0.030 0.007 4.1? 
a l  s (10) 0.073 0.003 25.68 13.698 0.593 
a19 (10) 0.181 0.007 27.13 
a2o (10) 0.949 0.004 13.78 
a21 (10) 0.085 0.004 21.73 
a22 (11) 0.140 0.026 5.35 7.143 1.335 
a28 (11) --2.904 0.516 5.63 
~'24 (12) 0.091 0.032 2.84 10.989 3.869 
~s  (12) --0.182 0.029 6.15 
a2e (13) 4.095 0.938 4.36 0.244 0.086 
cr27 (14) 0.155 0.055 2.81 6.452 2.296 
a2s (15) 0.401 0.110 3.61 2.494 0.691 
'"29 (15) --3.410 0.654 5.21 
a I (2) 0.059 0.004 15.71 16.949 1.079 
I1 (3) 0.083 0.025 3.27 
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Table 5. Other ,m~ated  p,munet~n's. 
Parameter Entering eqtmtion Point estimate Asymptotic .tandm~ (c) -- (.)/~b) 
- , -her  (a) error (b) 
El (1) -1.296 0.299 4.33 
~2 (1) o.o" 
(1),(7),(lO) 2.237 o .~ 2~1 
~ (1),(7),(lO) 1.135 O.lO9 lO.43 
/~5 (1),(7),(10) 1.480 0.164 9.01 
(4) 0.672 0.1,0 4.31 
(4) o.547 O.lOl 5.41 
/~s (4) 1.166 0.158 7~8 
~0 (5) 0.378 o~2 456 
,t~lo (5) 0.659 0.128 5.14 
~11 (5) 0.945 0.112 8A9 
&2 (7) 0.33o 0.047 6.94 
0~s (7) o.5ol o.04~ lO.67 
&4 (7) o.o* 
/~15 (8) 0.480 0.081 5~2 
~18 (6) 0.404 0.070 5.79 
~s7 (9) 0.629 0.041 15.45 
~,  (11) -2.340 0.204 7~ 
~69 (12) 9.026 3.281 2.75 
~o (12) 1.o* 
(12) lO,  
&., (14) 1.101 0,048 22.92 
,~4 (9) 0.019 0.001 16.94 
61 (13)  0.103 0.049 2.08 
62 (13) --0.082 0.080 1.14 
63 (13) 0.387 0.081 4.51 
64 (13) 0.035 0.031 2.02 
65 (16) --0.390 0.376 1.04 
(16) -0.126 0.200 0 .~ 
6T (16) 0.927 0.1ss 4.92 
66 (16) 0.282 0.038 7.39 
~I (1) 0.764 0.005 152.72 
~2 (1),(7),(lO) o.oooe o.ooo~ o~ 
'~3 (2) 6.011 0.2ss 20.64 
~ (4) 0.099 0.107 0.32 
~5 (4),(6) 1.009 0.001 16.e0 
"Ye (5) 0.199 0.197 1.01 
"Y7 (7) 1.264 0.226 5.58 
~a (8) 1.061 0.022 48.08 
~, (9) 0.742 0.017 42.51 
~io (11) 0.0095 0.0004 20.67 
~fl; (12) 0.00036 0.00007 4.95 
"YI2 (14) 0.134 0.048 2.80 
"yss (15) 0.252 0.007 33.94 
~s4 (16) 1.o" 
"~5 (16) 1.147 0.213 5.37 
* = value impoaed. 
Semdtivlty analym 
Table 6. Characteristic roots of the model under fixed exchange rates. 
53 
Root Asy--mptotiCerrorStandard DTq~t  pe~od P ~ c ~ e  
0.3114 0.2856 
--0.0009 O.(X)09 1094.092 
--0.0205 0.0021 48.780 
-0.0745 0.0225 13.428 
--0.0927 0.0200 10.784 
--0.3538 0.18,57 2.826 
--0.3921 0.1987 2.550 
--0.4304 0.0753 2.323 
--0.9241 0.1230 1.082 
--4.6670 1.1415 0.214 
--0.0231 0.0073 43.286 
4.0.0253/ 0.0065 
--0.1674 0.0280 5.972 
-l-0.0204i 0.0263 
--0.2596 0.1365 3.852 
::[:0.4125i 0.0571 
--0.5202 0.0927 1.922 
4-0.14262i 0.0709 
-1.4270 0.1936 0.701 
4-1.4043i O. 1498 
247.845 
307.220 
15.232 
44.064 
4.474 
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Table 7. Characteristic roots of the mode] under flexible excbanse rates. 
Root Asymptotic standard Dmnping period Period of cycle 
error (quarters) (quarters) 
0.3109 0.2841 
--0.0009 0.0009 1091.703 
--0.0205 0.0021 48.773 
-0.0751 0.0237 13.314 
-0.0925 0.0200 10.814 
-0.4134 0.1209 2.419 
-0.9241 0.1220 1.082 
-4.6669 1.1415 0.214 
--0.0232 0.0072 43.193 
4-0.0252i 0.0065 
-0.1675 0.0276 5.971 
d:0.0218i 0.0259 
-0.2595 0.1376 3.853 
4"0.4111i 0.0575 
-0.3737 0.1040 2.676 
4-0.0591i 0.0836 
--0.5278 0.0914 1.895 
::[:0.1394i 0.0573 
-- 1.4270 0.1936 0.701 
4-1.40431 0.1498 
249.357 
~7.520 
15.283 
106.280 
45.058 
4.474 
Table 8. Semdtivity analysis with respect o selected parameters 
under fixed exchange rates. 
 oot 
0.3114 --0.3172 --1.1570 2.9773 
-0.009 -0.0076 
-0.0231 0.0716 
0.0254i 
--0.1675 
0.0205/ 0.0483 0.3597 
Table 9. Sensitivity anslysis with respect to selected psrameters 
under flexible exchsn~ rates. 
0.3109 -0.3153 -1.1513 2.9454 
-0.0009 0.0987 --0.0054 
--0.0751 0.239 --0.076 
-0.1675 
-4-0.0219/ 0.0476 0.3585 
--0.2595 --0.5064 
-4-0.4111i 
-0.3737 
:L-0.0591i 0.4899 -0.2342 
--0~s008 
Sensitivity analysis 
Table 10. In-smlmple and out-of-,mmp|e root mean square rrors 
(a) First quarter 1961-Fourth quarter 1984; 
(b) First quarter 19&5-Third quarter 1986. 
Root mean square rror of dynamic forecasts 
V~- ,~ (a) (S) 
C 
k 
MGS 
XGS 
Y 
P 
PXGS 
W 
iTIT 
A 
NFA 
T 
G 
R 
V 
K 
M 
H 
r 
a 
h 
E 
0.0147 0.0169 
0.0031 0.0039 
0.0207 0.0277 
0.0123 0.0184 
0.0181 0,0191 
0.0084 0.0105 
0.00?9 0.0092 
0.0061 0.0081 
0.0181 0.0221 
0.0368 0.0411 
0.0366 0,0498 
0.0021 0.0031 
0.0150 0.0181 
0.0169 0.0193 
0.0584 0.0724 
0.1448 0.1852 
0.0115 0.0167 
0.0032 0.0352 
0.0309 0.0378 
0.0100 0,0119 
0.0094 0.0104 
0.0098 0.0128 
0.0185 0.0297 
55 
C, N4~ 24:819-E 
